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PREFACE 


Precambrian  rocks  that  are  at  least  600  million  years  old  are  buried 
beneath  6,000  to  12,000  feet  of  sediments  in  western  Pennsylvania,  and 
because  of  their  deep  burial,  little  is  known  about  them.  This  report  is 
a description  of  samples  of  Precambrian  basement  rock  obtained  from 
three  deep  wells  drilled  in  northwestern  Pennsylvania.  The  information 
from  this  study  will  eventually  contribute  to  the  evaluation  of  the  eco- 
nomic potential  of  the  Precambrian  rocks  in  Pennsylvania  and  will  add 
to  the  knowledge  of  the  nature  of  Precambrian  rock  and  its  role  in  the 
geologic  history  of  the  Commonwealth.  It  is  known  that  Precambrian 
rocks  have  had  a profound  effect  on  younger,  overlying  sediments  to 
the  south  and  east,  but  their  influence  on  the  plateau  rocks  of  north- 
western Pennsylvania  is  largely  unknown.  This  report  is  a preliminary 
step  toward  such  an  understanding. 
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The  Precambrian  in  the  Subsurface 
of  Northwestern  Pennsylvania 
and  Adjoining  Areas 

by 

Timothy  E.  Saylor 

ABSTRACT 

Three  wells  have  been  drilled  in  Pennsylvania  and  have  penetrated  the  Pre- 
cambrian basement  complex.  Samples,  consisting  of  a 3.5  inch  core  and  well  cuttings, 
have  been  examined  macroscopically  and  microscopically  to  obtain  petrographic 
descriptions.  The  well  lithologies  in  the  Precambrian  are  compared  with  selected 
wells  from  eastern  Ohio  and  western  West  Virginia.  The  results  show  that  both 
igneous  and  metamorphic  lithologies  are  present  in  Pennsylvania,  consisting  of 
granite  pegmatite,  granite  schist,  biotite  phyllite,  quartz-biotite  gneiss,  hornblende- 
bearing quartz-biotite  gneiss,  and  granite  gneiss.  Depth  trends  and  contours  on  the 
Precambrian  surface  indicate  a basinal  structure  with  a southerly  slope  in  southern 
New  York,  a southeasterly  slope  in  northwestern  Pennsylvania,  and  a nearly  easterly 
slope  in  eastern  Ohio  and  northwestern  West  Virginia.  Foliations  and  structural  dis- 
continuities are  present  in  the  samples  examined.  The  evidence  does  not  preclude  the 
possibility  that  some  of  the  schistose  and  quartzitic  units  are  Cambrian  rather  than 
Precambrian. 


INTRODUCTION 

Rocks  of  Precambrian  age  are  not  exposed  in  Pennsylvania  anywhere 
west  of  the  Blue  Ridge  province  of  the  Appalachian  mountain  system. 
What  little  information  is  known  about  the  Precambrian  basement,  not 
only  in  Pennsylvania,  but  in  adjacent  states,  has  been  obtained  from  drill 
cores  and  cuttings  taken  from  deep  oil  and  gas  exploration  wells.  In 
Pennsylvania,  (Figure  1)  only  three  wells  have  penetrated  the  basement 
and  these  only  since  1961.  No  information  has  been  previously  published 
on  the  rock  types  encountered  in  these  wells  except  for  standard  drill 
logs  for  the  Kardosh  well  (Lytle,  and  others,  1965).  In  Ohio,  numerous 
wells  have  reached  the  Precambrian  basement  and  the  petrography  has 
been  described  in  detail  by  McCormick,  1961.  The  author  has  also  re- 
examined thin  sections  from  the  Smith  well  in  Ohio,  previously  de- 
scribed by  G.  R.  McCormick.  In  West  Virginia,  two  wells  have  pene- 
trated the  basement  and  one  has  been  described  in  detail  (Bass,  1957). 

The  purpose  of  this  report  is  to  describe  the  basement  rocks  of  north- 
western Pennsylvania  from  core  and  cuttings  of  three  wells,  and  to  com- 
pare the  rock  types  from  the  wells  with  each  other  and  with  the  subsur- 
face Precambrian  in  eastern  Ohio  and  western  West  Virginia  (Figure  1). 

The  descriptions  and  correlations  in  this  report  are  based  on  a 3.5- 
inch  core  section  from  a well  located  in  Erie  County,  and  cuttings  from 
two  other  wells  located  in  Mercer  and  Crawford  Counties. 
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Figure  1.  Well  locations  and  Precambrian  outcrop  in  Pennsylvania  and  adjacent 
states. 
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GEOLOGIC  SETTING 

The  broad  Appalachian  Plateau  extends  westward  from  the  folded 
Appalachians  across  western  Pennsylvania,  southwestern  New  York, 
eastern  Ohio,  and  western  West  Virginia  and  consists  of  a thick  section 
of  Paleozoic  sedimentary  rocks  from  Cambrian  to  early  Permian  in  age. 
The  upper  part  of  this  Paleozoic  sequence,  including  the  lower  Devo- 
nian, has  long  been  known  as  a major  oil-  and  gas-producing  area  in  the 
eastern  United  States.  Discovery  in  the  early  1900's  of  commercial  ac- 
cumulations of  gas  in  the  Devonian  Oriskany  Formation  stimulated  drill- 
ing through  the  Devonian  into  the  underlying  Silurian,  Ordovician,  and 
Cambrian  units,  and  eventually  into  the  Precambrian  basement.  Some 
! success  and  continued  exploration  has  resulted  in  an  increasing  number 
of  wells  which  have  reached  the  Precambrian.  Their  economic  potential 
is  as  yet  unknown. 

The  Plateau  province  is  generally  characterized  by  nearly  horizontal 
1 bedding  with  very  gentle  to  nearly  obscure  folds,  approximately  paral- 
; lei  to  those  of  the  Valley  and  Ridge  province  farther  to  the  southeast. 
In  Pennsylvania,  this  Upper  Paleozoic  structural  character  is  of  a uniform 
tectonic  style  except  for  faulting,  which  some  workers  believe  is  related 
to  basement  structure.  In  West  Virginia,  an  intensely  faulted  fold,  which 
trends  due  north,  breaks  this  regional  structural  pattern. 

The  geologic  character  of  the  Precambrian,  of  course,  can  only  be 
estimated  from  drill  records  and  samples  because  outcrops  lie  well  to 
the  east  (Figure  1).  Only  in  Ohio  and  Michigan  is  there  fairly  sufficient 
Precambrian  well  penetration  to  enable  a reliable  interpretation  to  be 
made  of  the  complex  regional  petrology  and  structure.  In  Ohio,  the  fea- 
tures of  the  Precambrian  surface  closely  parallel  the  known  subsurface 
! structural  trends.  Much  the  same  can  be  said  for  parts  of  Pennsylvania 
j[  and  West  Virginia,  although  this  information  comes  from  seismic  records 
and  extra-polation  rather  than  from  drill  cores.  The  Precambrian  in  the 
eastern  half  of  Ohio  has  been  interpreted  as  a somewhat  regularly  slop- 
ing surface,  forming  the  western  side  of  the  Appalachian  miogeosyn- 
clinal  basin.  The  gradient  of  this  surface  is  approximately  four  times 
that  on  the  western  side  of  the  Cincinnati  Arch  and  about  one-fifth 
greater  than  that  indicated  by  the  Trenton  surface  contours  (Summerson, 
1962;  Heck,  1948;  and  Swartz,  1948). 

The  surface  of  the  Precambrian  undergoes  a change  from  a regional 
southerly  slope  in  southern  New  York  and  northern  Pennsylvania  to  an 
easterly  slope  across  eastern  Ohio  (Figure  2).  The  depth  to  the  top  of 
the  basement  is  variable,  ranging  from  3,000  to  more  than  13,000  feet 


4 


PRECAM  BRIAN  OF  NORTHWESTERN  PENNSYLVANIA 


Fig  ure  2.  Contours  on  the  surface  of  Precambrian  rocks  in  Pennsylvania  and  ad- 
jacent states. 


below  sea  level  in  the  area  under  consideration.  It  deepens  southeast- 
ward away  from  the  subsurface  Cincinnati  Arch  in  Ohio  and  from  the 
Adirondacks  in  New  York. 

Absolute  radiometric  ages  have  not  been  determined  for  the  sub- 
surface Precambrian  of  northwestern  Pennsylvania.  Rb-Sr  age  dates  are 
available  from  several  wells  in  central  and  western  Ohio  (not  covered  in 
this  report)  and  from  the  Wood  County  well  in  West  Virginia.  The  Ohio 
dates  have  a range  of  920  to  950  m.y.  (million  years)  and  possibly  980 
m.y.  for  rocks  varying  in  composition  from  granite  and  rhyolite  to  am- 
phibolite and  tonalite  (Tilton  and  others,  I960;  Bass,  1960).  The  West 
Virginia  Sandhill  well  yields  a slightly  younger  870  m.y.  Rb-Sr  date 
(biotite)  for  granite  gneiss  (Tilton  and  others,  1960)  and  a 940  m.y.  Rb- 
Sr  date  (biotite)  for  a similar  gneiss  (Bass,  1957).  The  920-980  m.y.  ages 
probably  represent  a late  Grenville  event  (1,000  - 1,100  m.y.),  but  the 
870  m.y.  age  could  reflect  a younger  event  or  a composite  of  an  older 
and  a much  younger  event. 


LOCATION  OF  SAMPLES 
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LOCATION  OF  SAMPLES 

Four  wells  were  examined  in  this  study  and  an  additional  five  were 
considered  on  the  basis  of  previously  published  data.  Of  those  examined, 
three  are  from  Pennsylvania  and  one  is  from  Ohio  (Figure  1). 

Samples  were  examined  from  the  following  wells: 


Pennsylvania 

1.  HAMMERMILL  NO.  2 WELL,  City  of  Erie,  Erie  County  (Erie  quad- 
rangle); 8,700  feet  south  of  42°  10'  N.,  and  12,900  feet  west  of  80°0'  W. 
The  sample  consists  of  a 3.5-inch  long  core  section  taken  from  a depth  of 
5,962  feet  below  sea  level.  The  top  of  the  Precambrian  lies  at  approximately 
this  depth. 

2.  KARDOSH  NO.  1 WELL,  Summerhill  Township,  Crawford  County  ( Line- 
ville  quadrangle);  12,525  feet  south  of  41°45'  N.,  and  7,300  feet  east  of 
80° 20'  W.  The  samples  consisted  of  cuttings  taken  from  the  interval  be- 
tween 7,910  feet  and  8,030  feet  below  sea  level.  The  top  of  the  Precam- 
brian lies  at  7,910  feet  below  sea  level. 

3.  TEMPLE  NO.  1 WELL,  Lake  Township,  Mercer  County  (Stoneboro  quad- 
rangle); 6,700  feet  north  of  41°20'  N.,  and  2,650  feet  west  of  80°  10'  W. 
The  samples  consisted  of  well  cuttings  taken  from  the  interval  of  9,811  feet 
to  9,900  feet  below  sea  level.  The  top  of  the  Precambrian  lies  at  a depth  of 
9,811  feet  below  sea  level. 

Ohio 

4.  SMITH  WELL,  Hinckley  Township,  Medina  County.  Petrographic  thin 
sections  were  made  from  core  taken  from  intervals  7,028  feet  to  7,030  feet 
and  7,035  feet  to  7,037  feet  below  sea  level.  Of  the  12  feet  of  core  recovered, 
only  4 feet  remained  for  examination.  This  4-foot  section  was  representative 
of  the  entire  12  feet,  however  (McCormick,  1961),  and  was  used  for  the 
preparation  of  the  thin  sections.  The  top  of  tire  Precambrian  lies  5,730  feet 
below  sea  level. 

Additional  wells  noted  in  this  report  have  been  previously  published 
in  varying  degrees  of  descriptive  detail.  They  are: 

Ohio:  data  from  Ohio  Geological  Survey  Report  of  Investigation 
No.  41  by  G.  lb  McCormick,  1961. 

5.  WARNER  WELL,  Granger  Township,  Medina  County.  Mineral  component 
estimates  were  made  from  well  cuttings  taken  from  the  interval  of  6,640 
feet  to  6,720  feet  below  sea  level.  The  top  of  the  Precambrian  lies  5,537 
feet  below  sea  level. 

6.  MARSHALL  WELL,  Adams  Township,  Guernsey  County.  Mineral  com- 
ponent estimates  were  made  from  well  cuttings  taken  from  the  interval  of 
8,325  feet  to  8,602  feet  below  sea  level.  The  top  of  the  Precambrian  lies 
7,336  feet  below  sea  level. 

West  Virginia:  data  from  the  West  Virginia  Geological  Survey  Re- 
port of  Investigation  No.  18  by  M.  N.  Bass  (1957). 

7.  SANDHILL  DEEP  WELL,  Wood  County,  Extensive  petrographic  studies 
were  made  of  core  taken  from  the  interval  of  13,314  to  13,331  feet  below  sea 
level.  The  top  of  the  Precambrian  is  approximately  12,233  feet  below  sea  level. 
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New  York:  Numerous  wells  have  been  drilled  and  have  penetrated 
the  Precambrian  basement,  but  they  are  considered  only 
as  a control  for  basement  contours  in  the  southwestern 
part  of  New  York  State. 


PETROGRAPHY 

ANALYTICAL  TECHNIQUES 

Standard  petrographic  thin  sections  were  made  from  the  Hammer- 
mill  No.  2 well  core  from  Erie  County,  Pennsylvania.  In  the  case  of  the 
other  two  Pennsylvania  wells,  drill  cuttings  were  hand  picked  from  shale- 
contaminated  interval  samples  and  washed.  Standard  fragment-mount 
thin  sections  were  then  prepared  from  the  sample  separates  taken  at  the 
various  depth  intervals  in  each  well. 

Wet  and  dry  macroscopic  examinations  under  a binocular  micro- 
scope were  made  of  samples  from  all  three  wells.  Several  lithic  frag- 
ments from  each  sample  interval  were  immersed  in  dilute  hydrochloric 
acid  to  check  for  the  presence  of  carbonate.  Petrographic  examinations 
and  200  counts  per  section  modal  analyses  were  made  for  all  standard 
and  fragment-mount  thin  sections  from  Pennsylvania  and  from  the  Smith 
well  in  Ohio,  utilizing  a Leitz  Dialux-Pol  petrographic  microscope,  me- 
chanical stage,  and  Swift  counter. 

HAMMERMILL  NO.  2 WELL,  CITY  OF  ERIE, 

ERIE  COUNTY,  PENNSYLVANIA 

Macroscopic  Description 

A 3.5-inch  core  section  (3.4-inch  diameter)  is  all  that  was  available 
from  the  Hammermill  well  for  sample  examination.  The  core  shows 
a steeply  dipping  contact  between  a fine-  to  medium-grained,  brownish- 
gray,  foliated  granite  schist  and  a fine-grained,  dark  green,  foliated  bio- 
tite  phyllite.  The  contact  is  generally  sharp,  with  a zone  of  ‘mixing’  about 
3 mm  wide  and  with  minor  irregularities  of  the  contact.  The  dip  of  the 
contact,  assuming  the  units  are  not  overturned,  indicates  that  the  phyllite 
is  younger  than  the  schist. 

Compositional  banding  is  distinctive  in  the  phyllite.  The  bands  are 
irregular  in  length  and  vary  in  thickness  from  0.2  mm  to  2.0  mm.  The 
light  bands  are  more  quartz  rich  than  the  darker  green  bands.  Quartz 
also  increases  slightly  toward  the  contact  with  the  schist. 


PETROGRAPHY 
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The  granite  schist  is  uniform  in  coloration  and  exhibits  a grano- 
blastic  texture.  The  schistosity  is  more  obvious  in  thin  section  than  in  the 
core  specimen.  No  extensive  compositional  banding,  such  as  occurs  in 
the  phyllite,  is  evident  but  leucocratic  mineral  content  tends  to  increase 
toward  the  phyllite  contact.  A more  equigranular  pegmatitie  rock,  which 
resembles  the  granite  schist,  but  is  coarser  grained  and  less  biotite  rich, 
occurs  at  the  phyllite  contact.  Evidently  a small  pegmatitie  veinlet  in- 
truded the  phyllite  creating  the  appearance  of  a vein  of  phyllite  intruding 
granite  schist.  The  contact  between  the  two  main  units  probably  served 
as  the  channel  of  ingress  for  the  pegmatitie  fluids. 

Microscopic  Description 

Two  thin  sections  of  the  granite  schist  (Plate  1,  Figure  1)  were  cut 
from  the  core  section.  One  of  these  includes  a small  portion  of  the  con- 
tact zone.  The  other  section  covers  the  outer  third  of  the  core.  Quartz 
and  muscovite  are  the  dominant  minerals  with  lesser  amounts  of  biotite, 
plagioclase,  orthoclase,  and  microcline  (Table  1).  The  quartz  is  anhedral 
and  somewhat  fractured  with  a few  inclusions  of  actinolite  needles.  Only 
a few  grains  show  undulatory  extinction.  The  plagioclase  occurs  as  an- 
hedral grains  of  albite-twinned  oligoclase,  0.03  to  0.50  mm  in  diameter. 
Most  of  the  grains  are  extensively  sericitized.  Grid-twinned  microcline 
is  widely  scattered  as  anhedral  grains  with  occasional  inclusions  of 
quartz.  It  is  only  moderately  sericitized.  Moderately  abundant  biotite 
occurs  as  ragged  flakes,  0.1  to  1.1  mm  in  diameter,  aligned  with  (001) 
parallel  to  foliation.  The  larger  flakes  often  contain  included  grains  of 
magnetite.  The  biotite  is  unaltered,  deep  brown  in  plain  light,  and  has 
faint  to  moderate  absorption  (dark  to  medium  brown).  Muscovite  is  the 
second  most  abundant  mineral  and  is  associated  more  closely  with  the 
quartz-rich  region  adjacent  to  the  contact.  Most  likely,  it  is  related  to 
the  later  pegmatite  vein  (Table  1).  Orthoclase  occurring  as  anhedral 
grains  is,  like  the  muscovite,  more  commonly  associated  with  the  quartz- 


Table  1.  — Modal  analyses  of  granite  schist 


Constituents 

Section  1 

Section  2 

Pegmatitie  Zone 

% 

% 

% 

Quartz 

36.1 

37.9 

45.0 

Plagioclase 

4.0 

3.2 

2.0 

Microcline 

0.4 

0.6 

1.0 

Biotite 

17.1 

16.1 

5.0 

Muscovite 

35.3 

35.8 

40.0 

Orthoclase 

6.1 

5.4 

7.0 

Accessories 

1.0 

1.0 

0.0 

Totals 

100.0 

100.0 

100.0 
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rich  region  near  the  contact.  Accessory  minerals  include  scattered  grains 
of  magnetite  occurring  as  included  grains  in  the  biotite  as  well  as  around 
the  biotite  and  rare  small  subhedral  zircon  and  sphene. 

Two  thin  sections  were  cut  from  the  biotite  phy llite,  (Plate  1,  Figure 
2)  one  from  the  contact  toward  the  edge  of  the  core  and  the  other  from 
the  edge  of  the  core  toward  the  contact.  Quartz  and  biotite  are  the  most 
abundant  minerals  with  lesser  amounts  of  plagioclase,  muscovite,  and 
orthoclase  (Table  2).  The  quartz  is  anhedral  and  somewhat  fractured. 
Actinolite,  occurring  as  needle  inclusions  within  quartz  grains,  is  fairly 
common  under  higher  magnifications.  Plagioclase  is  oligoclase  in  com- 
position and  exhibits  only  occasional  albite  twinning  because  of  intense 
sericitization.  Orthoclase  occurs  as  anhedral  grains  and  is  most  com- 
monly associated  with  quartz.  Both  range  in  grain  size  from  0.1  to  0.7 
mm  in  diameter.  Biotite  is  the  most  abundant  mineral,  appearing  as 
ragged  laths  with  (001)  parallel  to  foliation  and  up  to  3.0  mm  in  length. 
It  is  deep  brown  in  plain  light  and  exhibits  weak  absorption.  It  changes 
little  in  optical  character  under  crossed  nicols.  Some  minor  alteration 
of  the  biotite  to  chlorite  has  occurred.  Muscovite  is  moderately  abun- 
dant and  well  distributed  throughout  the  sections.  It  appears  to  be  slightly 
more  common  in  the  vicinity  of  the  contact  zone.  Accessories  include 
magnetite,  rare  pyrite  and  several  small  grains  of  zircon  and  apatite. 
Two  relict  grains  with  a pyroxene-type  structure  are  very  conspicuous  in 
thin  section  (Plate  1,  Figure  3).  In  one  case,  the  original  mineral  has  been 
selectively  replaced  along  cleavage  planes  by  an  unidentified  highly  bi- 
refringent  mineral  (2nd  order  green  under  crossed  nicols).  In  the  other 
case,  the  mineral  has  been  partially  replaced  by  muscovite.  The  interior 
portions  of  both  relict  grains  have  been  replaced  by  an  unidentified 
mineral  which  is  clear,  fine-grained,  has  low  relief  in  plain  light,  and  is 
opaque  under  crossed  nicols.  The  biotite  laths  wrap  around  the  relict 
grains  (Plate  1,  Figure  3). 

If  the  quartz  and  combined  feldspar-mica  percentages  are  compared, 
it  is  evident  that  the  compositions  of  the  biotite  phyllite  and  granite  schist 
are  quite  similar  (Tables  1 and  2). 


Table  2.  — Modal  analyses  of  biotite  phyllite 


Constituents 

Section  1 

Section  2 

% 

% 

Quartz 

33.7 

33.7 

Plagioclase 

2.1 

2.3 

Biotite 

46.1 

46.7 

Muscovite 

13.5 

13.1 

Orthoclase 

1.0 

0.7 

Accessories 

3.6 

3.5 

Totals 

100.0 

100.0 
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Metamorphism 

A granite  schist  can  be  interpreted  as  having  any  one  of  several 
origins.  The  schist  of  the  Hammermill  well  is  probably  a metamorphosed 
granite  which  may  have  attained  the  amphibolite  facies  but  which  sub- 
sequently has  undergone  retrograde  metamorphism  to  the  greenschist 
facies.  No  diagnostic  metamorphic  minerals  remain  except  for  chlorite 
and  sericite.  The  only  really  diagnostic  metamorphic  characteristic  pres- 
ent is  the  schistosity  itself,  which  in  part,  may  be  inherited  from  an 
igneous  flow  banding  near  the  contact  of  an  original  granite  mass. 

The  phyllite,  like  the  granite  schist,  is  also  lacking  in  diagnostic 
metamorphic  minerals.  Even  chlorite  and  sericite  are  uncommon.  The 
phyllitic  character  caused  by  the  foliation  of  biotite  and  the  tendency 
for  parallel  elongation  of  quartz  and  feldspar  are  the  only  indications 
that  the  units  have  undergone  considerable  stress. 

The  relationship  between  the  granite  schist  and  the  phyllite  and  the 
absence  of  phyllitic  units  in  other  wells  which  have  penetrated  the  Pre- 
cambrian  cast  some  doubt  on  a Preeambrian  age  designation  for  the 
phyllite.  Phyllites  abound  in  the  Cambrian  of  the  Appalachian  region 
(Harpers  Phyllite,  Weverton  Formation,  etc.).  It  is  very  possible  that 
the  phyllite  in  this  core  section  is  Cambrian  and  that  the  contact  with 
the  granite  schist  is  the  Cambrian-Precambrian  boundary  in  the  sub- 
surface of  the  area. 

KARDOSH  NO.  1 WELL,  SUMMERH1LL  TOWNSHIP, 
CRAWFORD  COUNTY,  PENNSYLVANIA 

Macroscopic  Description 

Well  cuttings,  sampled  at  10-foot  intervals,  were  examined  from 
the  7,910  to  8,030  foot  well  section.  This  section  represents  the  entire 
Preeambrian  section  penetrated  by  the  well.  Two  rock  types  were  en- 
countered and  have  been  designated  as  a granite  gneiss  and  a quartz- 
biotite  gneiss  (Figure  3). 

Macroscopically  the  granite  gneiss  is  distinctive  in  its  appearance 
because  of  the  pinkish  plagioclase  feldspar  grains  which  are  coated  with 
hematite  around  grain  boundaries.  The  pinkish  plagioclase  and  the 
white  orthoclase  and  quartz  contrast  sharply  with  dark  brown  biotite 
which  is  foliated.  Riotite  is  more  commonly  associated  with  plagioclase 
in  the  cuttings  than  with  the  quartz-orthoclase  fraction,  resulting  in  segre- 
gation banding  of  the  two  associations. 

The  quartz-biotite  gneiss  may  actually  be  two  units  based  on  thin 
section  examination,  although  macroscopically  only  a single  type  can 
be  distinguished.  It  contains  dark  brown  biotite  and  white  plagioclase, 
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Figure  3.  Lithologic  log  of  the  Kardosh  No.  1 well  (Pennsylvania) 
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orthoclase,  and  quartz.  As  in  the  case  of  the  granite  gneiss,  the  cuttings 
are  small  enough  to  exclude  the  occurrence  of  two  or  more  bands  in  a 
cutting.  The  tendency  of  the  cuttings  to  be  dominantly  biotite-plagioclase 
or  quartz-plagioclase-orthoclase  leads  to  the  conclusion  that  the  unit  is  a 
gneiss. 


Microscopic  Description 

The  granite  gneiss  contains  nearly  equal  amounts  of  quartz,  biotite, 
and  oligoelase  (Table  3).  The  quartz  is  slightly  fractured,  but  shows 
only  occasional  undulatory  extinction.  The  biotite  is  dark  brown  and 
: exhibits  only  faint  absorption.  Some  of  the  flakes  have  been  partially 
chloritized.  The  oligoelase  is  for  the  most  part  intensely  sericitized 
making  the  composition  determination  difficult.  Faint  albite  and  scarce 
Carlsbad  twinning  are  visible  where  serieitization  has  not  been  exten- 
| sive.  The  oligoelase,  like  the  quartz,  is  anhedral.  In  addition  to  the  three 
main  constituents,  orthoclase  is  present  in  amounts  up  to  15  percent. 
Muscovite  is  much  less  common  and  carbonate  occurs  only  as  a trace 
in  some  of  the  fractures.  Traces  of  hematite  staining  exist  in  the  inter- 
stices around  some  of  the  biotite  flakes  as  well  as  around  plagioclase. 

! Grain  size  of  all  major  constituents  ranges  from  0.09  to  1.1  mm  in  di- 
ameter. 

The  quartz-biotite  gneiss  (Plate  1,  Figure  4)  is  composed  pre- 
dominantly of  quartz,  biotite,  and  plagioclase  (Table  3).  The  quartz  is 
somewhat  fractured  and  exhibits  some  undulatory  extinction.  The  bio- 
tite is  dark  brown  in  plain  light,  shows  faint  absorption  and  is  partially 
chloritized.  Plagioclase  occurs  as  oligoelase  and  exhibits  faint  albite 
i twinning.  Extensive  serieitization  of  the  oligoelase  has  obliterated  much 
' of  the  twinning.  Grain  size  ranges  from  0.1  to  1.0  mm  in  diameter.  As 


Table  3.  — Modal  analyses  of  the  Kardosh  well  samples 


Constituents 

Granite  gneiss 

Quartz-biotite  gneiss 

Section  1 

Section  2° 

Section  3 

% 

a % b 

% 

Quartz 

28.0 

41.0  25.0 

30.0 

Biotite 

25.0 

32.0  25.0 

24.0 

Oligoelase 

30.0 

20.0  39.0 

28.0 

Orthoclase 

15.0 

5.0  10.0 

— 

Microcline 

— 



15.0 

Muscovite 

1.0 

1.0  — 

2.0 

Accessories 

1.0 

1.0  1.0 

1.0 

Totals 

100.0 

100.0  100.0 

100.0 

° Section  2 shows  variation  range  in  petrography  of  cuttings  for  a given  unit. 
All  others  are  averages. 
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noted,  the  gneiss  appears  to  be  of  one  type  megascopically.  However, 
in  thin  section  two  types  are  present.  One,  which  is  most  abundant,  con- 
tains no  orthoclase  but  does  have  grid-twinned  microcline  in  amounts 
up  to  15  to  20  percent.  The  other  type,  which  occurs  only  in  the  bottom 
10  feet  of  the  well,  contains  about  10  percent  orthoclase  and  no  micro- 
cline.  This  variation  may  indicate  a more  complete  response  to  equilibra- 
tion for  the  microcline-bearing  gneiss,  or  a sluggish  transition  between 
lower  and  higher  temperature  symmetry.  The  accessories  in  both  varie- 
ties are  the  same  and  include  only  small  amounts  of  magnetite. 


Metamorphism 

Two,  and  possibly  three,  gneisses  contain  no  minerals  diagnostic 
of  a specific  metamorphic  grade.  The  reason  for  the  lack  of  distinctly 
metamorphic  minerals  (for  example,  garnet,  etc.)  may  be  due  to  a de- 
ficiency of  calcium.  The  units  probably  reached  a metamorphic  grade 
in  the  range  of  the  epidote  amphibolite  or  hornblende  amphibolite,  but 
retrograde  metamorphism  has  destroyed  whatever  critical  minerals  may 
have  been  present.  Chlorite  and  sericite  are  the  only  possibly  meta- 
morphic minerals  present  and  may  either  be  the  result  of  retrograde 
alteration  to  the  greenschist  facies  or  due  to  later  mobile  fluids  pene- 
trating the  fractures  and  yielding  secondary  alteration  minerals. 


TEMPLE  NO.  1 WELL,  LAKE  TOWNSHIP, 

MERCER  COUNTY,  PENNSYLVANIA 

Macroscopic  Description 

Temple  No.  1 well  encountered  four  distinguishable  units  in  the 
Precambrian.  These  units  are  biotite  granite,  quartz-biotite  gneiss,  horn- 
blende-bearing quartz-biotite  gneiss,  and  quartzite  (Figure  4). 

The  granite  contains  distinctive  pink  orthoclase  grains  which  con- 
trast sharply  with  the  dark  brown  biotite.  In  addition  quartz  and  plagio- 
clase  of  oligoclase  composition  are  present  in  amounts  nearly  equiva- 
lent to  the  amount  of  biotite.  The  quartz  is  generally  the  most  abundant. 
This  unit  occurs  sporadically  through  the  section,  but  it  is  most  common 
in  the  upper  parts  of  the  section.  It  may  be  representative  of  granitic 
lenses  or  fine-grained  granite  pegmatite  veins  present  in  the  more  com- 
mon gneissic  units,  although  the  occurrences  lower  in  the  well  may  be 
due  to  contamination.  No  evidence  of  any  contacts  or  contact  relations 
was  found  in  the  cuttings. 
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Figure  4.  Lithologic  log  of  the  Temple  No.  1 well  (Pennsylvania). 
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The  quartz-biotite  gneiss  is  a fine-  to  medium-grained  unit  with 
biotite  showing  marked  foliation.  Pyrite,  noted  in  a few  of  the  cuttings, 
was  the  first  occurrence  of  any  sulfides  noted  in  any  of  the  Pennsylvania 
wells  penetrating  Precambrian  rocks.  The  gneissic  character  of  this  unit 
is  based  upon  the  abundance  of  strongly  mafic  (melanocratic)  cuttings 
represented  by  a biotite-quartz  fraction  intermixed  with  strongly  leuco- 
cratic  cuttings  represented  by  a quartz-feldspar  fraction.  This  banded 
unit  accounts  for  more  than  75  percent  of  the  Precambrian  section. 

A unit  similar  to  the  quartz-biotite  gneiss  occurs  near  the  base  of 
the  well.  It  has  been  designated  as  a separate  unit  on  the  basis  of  thin- 
section  examination  which  revealed  the  presence  of  hornblende  (see 
microscopic  description). 

Quartzite  occurs  at  the  top  of  the  Precambrian  well  section  and  con- 
sists of  white  to  translucent  quartz  grains.  Small  occurrences  were  noted 
lower  in  the  section  but  because  the  amounts  were  so  much  less  than 
any  of  the  other  rock  types  present,  the  occurrences  have  been  attributed 
to  contamination  from  above.  Contact  relations  of  the  quartzite  and 
underlying  quartz-biotite  gneiss  are  not  definitely  known.  Well  frag- 
ments show  only  a gradual  increase  in  gneiss  and  a consequent  decrease 
in  quartzite,  suggesting  a graded-contact  relationship. 

Microscopic  Description 

Biotite  granite  is  composed  of  nearly  equal  amounts  of  quartz,  bio- 
tite, oligoclase,  and  orthoclase  (Table  4).  The  quartz  occurs  as  anhedral 
grains  and  as  blebs  in  oligoclase,  and  shows  occasional  secondary  over- 
growths, indicating  more  than  one  period  of  crystallization.  The  biotite 
is  dark  to  medium  brown  in  plain  light  and  shows  faint  absorption.  The 
flakes  are  neither  oriented  nor  altered.  Some  grains  of  magnetite  are 
present  as  inclusions.  No  other  micaceous  minerals  are  present.  The 
feldspars  include  oligoclase,  which  shows  albite  and  Carlsbad  twinning; 
grid-twinned  microcline;  and  orthoclase.  All  the  feldspars  are  anhedral, 
having  undergone  resolution  or  replacement.  Accessory  minerals  in- 
clude less  than  1 percent  carbonate  and  2 percent  or  less  magnetite. 
Grain  size  of  the  major  constituents  ranges  from  0.07  to  0.8  mm  in  di- 
ameter. 

The  quartz-biotite  gneiss  varies  somewhat  in  mineral  composition 
throughout  the  section,  but  basically  it  consists  of  quartz  and  nearly 
equal  amounts  of  biotite  and  oligoclase  (Table  4).  Microcline  is  also 
present  in  some  cuttings  in  amounts  up  to  25  percent.  Quartz  grains 
are  anhedral,  0.08  to  0.7  mm  in  diameter,  and  somewhat  fractured;  un- 
dulatory  extinction  is  uncommon,  however.  Quartz  also  occurs  as  small 
blebs  in  some  of  the  oligoclase.  The  feldspars  are  oligoclase  and  micro- 
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Table  4. 

— Modal  analyses 

of  the  Temple  No.  1 well 

samples 

Constituents 

Biotite  granite 

Quartz- 
biotite  gneiss 

Hornblende- 
bearing 
quartz- 
biotite  gneiss 

Quartzite 

% 

% 

% 

% 

Quartz 

25.0 

28.0 

27.0 

95.0 

Biotite 

18.0 

24.0 

24.0 

— 

Oligoclase 

24.0 

25.0 

24.0 

5.0 

Orthoclase 

20.0 



14.0 

— 

Microcline 

10.0 

20.0 

— 



Hornblende 

— 



10.0 



Muscovite 

— 

tr 

— 

tr 

Carbonate 

1.0 

2.0 

— 

— 

Accessories 

2.0 

1.0 

1.0 

— 

Totals 

100.0 

100.0 

100.0 

100.0 

cline  and  are  0.08  to  0.8  mm  in  diameter.  Albite  twinning  of  the  oligo- 
clase  is  common  but  has  been  partially  destroyed  in  many  cases  by 
sericitization.  Microcline  is  grid  twinned  and  occurs  as  anhedral  grains 
as  does  the  oligoclase.  Orthoclase  occurs  only  in  the  hornblende-bearing 
quartz-biotite  gneiss  which  will  be  discussed  subsequently.  The  biotite 
is  dark  to  medium  brown  in  plain  light  and  faintly  pleocroic.  Only  a few 
flakes  show  any  alteration  to  chlorite.  Carbonate  and  what  appear  to  be 
small  flakes  of  muscovite  are  present  in  the  interstices  in  very  small 
amounts.  Magnetite  and  rare  pyrite  are  the  only  accessory  minerals 
present. 

A quartz-biotite  gneiss,  occupying  the  lower  5 feet  of  the  well  sec- 
tion, strongly  resembles  the  previously  discussed  unit.  In  thin  section, 
however,  hornblende,  in  amounts  up  to  10  percent,  and  some  orthoclase 
are  present  (Table  4).  The  hornblende  is  brownish  green  in  plain  light, 
moderately  pleocroic  from  green  to  brown,  and  is  the  same  grain  size 
as  the  biotite.  This  is  the  only  section  in  any  of  the  three  wells  in  Penn- 
sylvania where  hornblende  has  been  observed  (Plate  2,  Figure  1). 

The  quartzite  (Plate  2,  Figure  2)  is  composed  of  well-  to  sub-rounded 
equigranular  quartz  grains  (0.1  to  2.0  mm  in  diameter)  cemented  by 
secondary  quartz  (Table  4).  The  grains  exhibit  undulatory  extinction  in 
many  cases.  Muscovite  is  present  in  small  amounts  in  some  of  the  frac- 
tures. Ninety-five  percent  of  the  rock  is  quartz,  and  the  remainder  con- 
sists of  albite-twinned  plagioclase  of  an  albite-oligoclase  composition. 
Sericite  has  obliterated  or  obscured  much  of  the  twinning. 


Metamorphism 

Little  can  be  said  about  the  metamorphic  effects  on  the  units  in  this 
well  because  there  are  no  diagnostic  metamorphic  minerals  present.  The 
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metamorphie  grade  attained  by  the  units  is  most  likely  no  different  from 
that  of  the  Kardosh  well,  for  example,  hornblende-amphibolite  facies. 
Sericitization  of  plagioelase  and  partial  chloritization  of  biotite  and  horn- 
blende only  indicate  greenschist  facies  grade.  The  gneissic  character  of 
the  units  emphasizes  the  stress  effects  of  metamorphism.  The  quartzite 
likewise  shows  nothing  diagnostic  in  the  way  of  metamorphie  grade.  The 
grains  have  not  been  crushed  or  fractured  nor  have  any  new  minerals 
been  introduced.  This  unit  at  the  top  of  the  section  may  be  Cambrian 
rather  than  Precambrian  in  age  since  quartzites  are  characteristic  of 
Cambrian  units. 

SMITH  WELL,  HINCKLEY  TOWNSHIP,  MEDINA  COUNTY,  OHIO 

Well  cuttings  were  obtained  from  the  interval  6,930  feet  to  7,028 
feet  and  core  from  7,028  feet  to  7,037  feet  below  sea  level.  A detailed 
petrographic  description  made  by  G.  R.  McCormick  (1961)  has  been  pre- 
viously published.  The  following  description  is  based  on  his  studies  and 
re-examination  of  his  thin  sections.  Two  rock  types  were  described  from 
this  well  — granite  gneiss  and  marble  (Figure  5). 

The  granite  gneiss  (Table  5)  is  coarse  grained  with  several  sets  of 
fractures.  It  grades  downward,  in  the  interval  7,028  to  7,030  feet,  from 
a gneiss  composed  primarily  of  dark  red  potassium  feldspar  cut  by 
chlorite  bands  and  quartz,  pyrite,  and  chlorite  veins,  to  a gneiss  com- 
posed of  “alternating  bands  of  salmon-pink  microcline  and  greenish 
sausseritized  plagioelase  containing  thin  bands  of  chlorite”  (McCormick, 


Table  5.  — Modal  analyses  from  the  Smith  well,  Ohio 


(G.  R.  McCormick,  1961 ) 


Constituents 

Granite  Gneiss 

Marble 

Quartz 

23  - 29 

1 - 3 

Oligoclase 

47-74 

— 

Microcline 

1 - 12 

— 

Orthoclase 

tr-  1 

0 - tr 

Biotite 

0-tr 

— 

Calcite 

tr  - 0.5 

— 

Dolomite 

tr-  1 

84-96 

Chlorite 

1 - 2 

1 - 15 

Sericite 

tr  - 0.5 

— 

Sphene 

0 - tr 

— 

Apatite 

tr-  1 

0-  1 

Epidote 

0 - tr 

— 

Zircon 

0 - tr 

0 - tr 

Magnetite 

— 

0 - tr 

Leucoxene 

0 - tr 

— 

Pyrite 

0-  1 

0 - tr 

Seheelite 

— 

0 - tr 

Totals 

100.0 

100.0 
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Figure  5.  Lithologic  log  of  the  Smith  well  (Ohio). 
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1961,  p.  31).  In  the  interval  7,035  to  7,037  feet  (base  of  core)  the  gneiss 
is  principally  composed  of  “green  sausseritized  plagioclase  with  minor 
amounts  of  quartz,  chlorite,  and  microcline”  (McCormick,  1961,  p.  31). 
(Plate  2,  Figure  3). 

The  marble  (Table  5)  is  a medium-grained  dolomite.  In  the  upper 
portion  of  the  core  it  contains  rows  of  rhombohedral,  brown,  dolomite- 
lined  vugs  demarcating  old  fractures.  Veinlets  of  chlorite  appearing  in 
thin  section  as  bifurcating  veinlets  along  fractures  between  the  dolomite 
grains  (Plate  2,  Figure  4),  are  also  quite  common. 

WARNER  WELL,  GRANGER  TOWNSHIP, 

MEDINA  COUNTY,  OHIO 

Well  cuttings  were  sampled  and  examined  at  10-foot  intervals  in 
the  well  interval  6,640  feet  to  6,720  feet.  Petrographic  data  is  from  the 
work  of  G.  R.  McCormick  (1961).  In  the  well  cuttings  examined,  two 
types  of  lithic  fragments  were  noted.  One  type  was  dominantly  salmon- 
pink  microcline  with  white  albite,  colorless  quartz,  and  thin  plates  of 
muscovite.  The  second  type  contained  thin  plates  of  foliated  biotite  and 
colorless  translucent  quartz  grains.  The  amounts  of  quartz  and  biotite 
were  about  equal.  It  was  concluded  that  this  rock  is  a granitic  gneiss  with 
alternating  foliae  of  feldspar-muscovite-quartz  and  biotite-quartz. 

MARSHALL  WELL,  ADAMS  TOWNSHIP, 

GUERNSEY  COUNTY,  OHIO 

This  is  the  deepest  well  drilled  in  Ohio,  penetrating  the  Precambrian 
basement  a total  of  277  feet.  Petrographic  data  is  from  the  work  of  G. 
R.  McCormick  (1961).  Thin  sections  were  not  available  for  re-examina- 
tion.  Two  rock  types  were  reported  as  being  present  in  this  well  — 
granite  gneiss  and  amphibolite.  The  gneiss  is  medium  grained  and  is 
composed  primarily  of  orthoclase  and  quartz  with  lesser  amounts  of 
plagioclase,  biotite,  and  hornblende.  It  occurs  in  the  upper  10  feet  of  the 
Precambrian  section.  The  amphibolite  which  occurs  in  the  remaining 
portion  of  the  well  to  the  base,  is  medium  grained  and  principally  com- 
posed of  hornblende  and  plagioclase.  In  addition  some  accessory  olivine, 
garnet,  and  chlorite  were  reported.  Slight  foliation  was  noted  in  some  of 
the  fragments. 

SANDHILL  DEEP  WELL  (POWER  OIL  COMPANY), 
WOOD  COUNTY,  WEST  VIRGINIA 

Petrographic  data  and  description  of  the  Precambrian  rock  from  this 
well  is  from  work  done  by  Manuel  N.  Bass  (1957). 
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Figure  6.  Lithologic  log  of  the  Sandhill  well  (West  Virginia). 
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The  Precambrian  basement  rock  from  this  well  has  been  thoroughly 
examined  and  is  generally  described  as  a “granite”  gneiss.  In  the  samples 
examined  by  the  author,  however,  the  dominant  rock  is  granodioritic  to 
tonalitic;  less  common  is  syenitic  rock  (Figure  6).  Minor  to  rare  occur- 
rences of  monzonitic,  dioritic,  and  granitic  bands  were  also  reported. 
These  rocks  are  fine  to  medium  grained  and  are  composed  primarily  of 
perthitic  microcline,  oligoclase  to  andesine  plagioclase  (albite  twinned), 
variable  quartz  which  varies  from  unstrained  to  grains  with  undulatory 
extinction,  and  biotite  which  is  commonly  replaced  by  hematite.  Chlorite 
is  also  present  but  in  lesser  amount.  Accessory  minerals  noted  include 
magnetite,  hematite,  and  apatite  with  lesser  amounts  of  carbonate,  leu- 
coxene  or  rutile  (?),  and  epidote.  A small  amount  of  amphibolite  was  also 
reported.  It  has  a “monzodioritic  composition”  (Bass,  1957,  p.  155)  and  is 
composed  of  extensively  ehloritized  green  to  pale  brown  hornblende, 
oligoclase-andesine  plagioclase,  and  microcline.  Accessory  minerals  pres- 
ent include  magnetite,  hematite,  apatite,  carbonate,  and  leucoxene  or 
rutile  (?). 


SUMMARY  AND  CONCLUSIONS 

The  wells  in  Pennsylvania,  which  have  penetrated  the  Precambrian 
basement,  display  a generally  simple  mineralogy.  The  lithologies  are 
fairly  consistent  within  a given  well  and  between  wells.  In  the  Hammer- 
mill  well  immediately  below  the  upper  Precambrian  (?)  contact  the  lith- 
ology is  granite  schist.  Whether  or  not  it  is  actually  of  Cambrian  age  is 
still  an  unsolved  problem.  In  the  Kardosh  and  Temple  wells,  quartz-bio- 
tite  gneiss  with  minor  mineralogical  variation  prevails  with  only  small 
amounts  of  granite  gneiss,  granite,  and  quartzite  (at  the  top)  present.  At 
least  in  part,  these  units  may  be  Cambrian  or  Cambro-Precambrian  in 
age. 

The  Ohio  wells  to  the  west  display  a considerably  more  varied  lith- 
ology, which  includes  granite,  granitic  gneiss,  marble,  quartzite,  and 
amphibolite.  Compositional  trends  are  difficult  to  determine  with  such 
scant  data.  However,  it  appears  that,  for  depths  between  5,500  and 
9,800  feet  below  sea  level  in  the  northwestern  part  of  Pennsylvania, 
quartz-biotite  gneiss  is  most  common  with  minor  granite,  granitic  schist, 
and  possibly  quartzite.  Further  west,  a granitic  gneiss  prevails  with  small 
amounts  of  amphibolite.  The  amount  of  ampibolite  increases  southward 
and  the  granitic  gneiss  decreases.  In  West  Virginia,  the  depth  increases 
by  nearly  5,500  feet,  so  that  little  comparison  can  be  made,  except  that 
‘granite  gneiss’  of  varying  petrology  and  some  amphibolite  is  present, 
neither  of  which  are  even  similar  to  the  lithologies  reported  farther  north. 
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Extent  of  metamorphism  is  largely  unknown,  primarily  because  of 
the  lack  of  diagnostic  metamorphic  minerals.  In  the  West  Virginia  well, 
sufficient  diagnostic  minerals  are  present  to  indicate  that  at  least  am- 
phibolite facies  had  been  reached,  followed  by  significant  retrograde 
metamorphism.  In  Ohio  the  facies  level  is  not  so  easily  determined,  but 
evidence  indicates  that  some  of  the  lithologies  reached  the  hornblende- 
amphibolite  facies  (Summerson,  1962).  In  Pennsylvania,  however,  a lack 
of  Ca  ( ± A1 ) apparently  retarded  the  formation  of  diagnostic  assem- 
blages and  perhaps  aided  retrograde  metamorphic  re-equilibration  which 
resorbed  any  earlier,  higher  grade  minerals. 

Structurally  the  subsurface  elevations  of  the  Precambrian  indicated 
by  the  three  wells  in  Pennsylvania  are  essentially  continuous  with  the 
subsurface  contours  from  New  York,  Ohio,  and  West  Virginia.  The  dif- 
ferences between  actual  depth  and  contour  depths  can  be  attributed  to 
irregularities  at  the  top  of  the  Precambrian  surface,  to  faulting,  or  to 
difficulty  in  distinguishing  Cambrian  from  Precambrian  units.  These 
may  be  on  the  order  of  several  hundred  feet.  The  average  depth  to 
basement  in  northwestern  Pennsylvania  is  about  8,000  feet.  The  average 
depth  range,  however,  appears  to  vary  from  5,960  to  9,810  feet.  South- 
ward the  elevations  probably  decrease  rapidly  following  the  pattern 
shown  in  southeastern  Ohio  and  western  West  Virginia  (Figure  2). 
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PLATE  1.  — PHOTOMICROGRAPHS  OF  THE 
HAMMERMILL  AND  KARDOSH  WELLS 

Figure  1.  — Photomicrograph  of  granite  schist  from  Hammermill  No.  2 well,  City 
of  Erie,  Erie  County,  Pennsylvania.  Quartz  grains  are  white;  feldspar 
grains  are  gray;  biotite  flakes  are  in  parallel  alignment  with  each  other. 
Plain  light. 

Figure  2.  — Photomicrograph  of  biotite  phyllite  from  Hammermill  No.  2 well.  City 
of  Erie,  Erie  County,  Pennsylvania.  Large  elongate  grains  in  field  on 
right  are  quartz;  grain  at  top  of  field  is  sericitized  plagioclase.  Re- 
mainder of  field  is  biotite  and  scattered  quartz  grains.  Crossed  nicols. 

Figure  3.  — Photomicrograph  of  relict  mineral  in  biotite  phyllite  from  Hammermill 
No.  2 well,  City  of  Erie,  Erie  County,  Pennsylvania.  Replacement  by 
e-grained  muscovite  has  occurred  along  the  relict  mineral  cleavage; 
interior  portions  replaced  by  unidentified  mineral.  Note  fractures  show- 
ing displacements  within  relict  crystal.  Biotite  flakes  and  quartz  and 
feldspar  grains  wrap  around  relict.  Plain  light. 

Figure  4.  — - Photomicrograph  of  quartz-biotite  gneiss  from  Kardosh  No.  1 well, 
Summerhill  Township,  Crawford  County,  Pennsylvania.  Large  grain 
dominating  left  half  of  field  is  quartz  crossed  by  a small  fracture  zone. 
Grain  interstices  are  fine-grained  muscovite.  Dark  portion  near  center 
and  below  biotite  flake  at  lower  right  is  sericitized  plagioclase  at  ex- 
tinction. Crossed  nicols. 
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PLATE  2.  — PHOTOMICROGRAPHS  OF  THE  TEMPLE  AND 

SMITH  WELLS 

Figure  1.  — Photomicrograph  of  hornblende-bearing  quartz-biotite  gneiss  from 
Temple  No.  1 well,  Lake  Township,  Mercer  County,  Pennsylvania. 
Large  grain  dominating  left  half  of  field  is  hornblende.  White  area  at 
upper  right  is  a rounded  quartz  grain;  at  lower  right  is  orthoclase. 
Remainder  of  field  is  sericitized  plagioclase.  Crossed  nicols. 

Figure  2.  — Photomicrograph  of  quartzite  from  Temple  No.  1 well,  Lake  Township, 
Mercer  County,  Pennsylvania.  Rounded  quartz  grains  are  at  various 
stages  of  extinction.  Some  evidence  of  secondary  quartz  as  rims  and 
interstitial  filing  is  visible  in  left  center  of  field.  Crossed  nicols. 

Figure  3.  — Photomicrograph  of  granite  gneiss  from  Smith  well,  Hinckley  Township, 
Medina  County,  Ohio.  The  gray  to  gray-white  grains  are  orthoclase; 
large  white  grains  are  quartz.  The  remander  of  the  field  is  microcline 
and  plagioclase.  Transverse  lines  are  scratches  on  lower  surface  of  thin 
section.  Crossed  nicols. 

Figure  4.  — Photomicrograph  of  marble  from  Smith  well,  Hinckley  Township,  Me- 
dina County,  Ohio.  Randomly  oriented  stringers  are  chlorite  (var. 
penninite?).  Remainder  of  field  is  dolomite  and  occasional  quartz 
grains.  Crossed  nicols. 
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